in the demarcation of pigmented ocular lesions and may aid in determining protein content or previous treatment. Data also promote previous assertions that blood flow impacts intensity of lesions on T2 FLAIR. Further research is warranted.
Introduction
Multiple imaging techniques are currently employed to visualize and guide treatment of uveal melanomas, the most common being ultrasonography and magnetic resonance imaging (MRI) [1] [2] [3] [4] [5] . Early studies utilizing ultrasonography in the evaluation of uveal melanomas highlighted the benefits from measurement of tumor thickness and the impact on therapy [6] .
MRI findings are beneficial in determining the extent of ocular tumors and involvement of orbital and extraorbital structures [7, 8] . This is specifically valuable when determining the treatment or prognostication of patients with concern for malignancy. A higher risk of tumor growth after treatment has been correlated with greater volumes [9] ; the ability to determine a lesion's size is, thus, an important tool when identifying options. In lesions followed with serial MRIs, a change in size may indicate more invasive treatments including enucleation, further emphasizing the need for accurate delineation of borders. MRI is also currently used to spatially determine a lesion's parameters for gamma knife treatment.
Characterizing lesions on MRI has been more widely researched in the context of brain pathology than the orbit [10] [11] [12] [13] [14] [15] [16] [17] . Routine MRI of the brain and orbit typically includes T1-weighted and T2-weighted sequences without and with intravenous contrast administration in axial, coronal, or sagittal planes to allow a full characterization of changes in signal intensity within tissues of interest.
T2 fluid-attenuated inversion recovery (FLAIR) is a type of MRI sequence that employs an inversion pulse followed by a long inversion time that produces significant decrease in fluid signal intensity. On images from this sequence, the cerebrospinal fluid is quite hypointense and makes areas of altered signal intensity within the adjacent brain -particularly along the margins of the ventricles and sulcal margins -much more conspicuous in most circumstances [18] [19] [20] [21] .
More recent studies have also demonstrated that hyperintense vessels on FLAIR sequences may be seen in regions of acute cerebral infarction and are regarded to represent slow blood flow through collateral arterial vasculature, either from occlusion, vasospasm, or stenosis [22] [23] [24] . Signal changes from the blood clot itself, perhaps reflecting an effect of oxyhemoglobin, may also contribute to this imaging manifestation [24] . One study addressing basilar artery occlusion showed that the length of FLAIR hyperintensity within the vessel directly correlated with poorer prognosis [24] . Hyperintensity of hepatic hemangiomas on FLAIR sequences has also been used to distinguish these lesions from cysts and also presumably reflecting slow flow within these vascular collections [25] . Finally, one study proposes that melanin is hyperintense on FLAIR, though this has only been shown in vegetative tissue [26] . To our knowledge, there is no information in the literature regarding the pattern of uveal melanomas on T2 FLAIR sequences. T2 FLAIR imaging could provide another method to distinguish melanomas from other intraocular mass-forming lesions and may better delineate the neoplasm. If proven to have these characteristics, T2 FLAIR imaging should be added to current orbital scan sequences as it would contribute to the treatment and prognostication of patients with suspected melanotic lesions.
Materials, Subjects, and Methods
MRI scans of 24 patients with intraocular lesions were analyzed and organized according to location and type of pathology ( fig. 1 ). Scans were performed on either General Electric scanners at strengths of 1.5 or 3.0 Tesla (manufactured in Milwaukee, Wis., USA) or on Siemens scanners at 3.0 Tesla (manufactured in Erlan- 253 gen, Germany). For each patient, the signal intensity of the lesion in question was compared to the vitreous humor and was accordingly recorded as hyperintense, isointense, or hypointense. Analyzed sequences included T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), T2 FLAIR imaging, and postcontrast T1WI and T2WI. Only axial scans were used for standardization, and content was confirmed by a board-certified neuroradiologist.
Other patients were included in this study as individual cases whose scans were performed after the initial group was determined. Their individual findings on T2 FLAIR are discussed in the 'Additional Findings' section below.
Results

Intraocular Pigmented Tumors
Of the 24 patients, 12 (50%) had the diagnosis of uveal melanoma and one had a histologically confirmed melanocytoma. In parallel to previous studies, all 13 were found to be hyperintense on T1WI and hypointense on T2WI when compared to the vitreous humor ( table 1 ) .
Of the 13, 1 patient did not have a T2 FLAIR scan available, and 2 patients did not have localizable lesions. Eighty percent of the remaining 10 pigmented lesions were found to be hyperintense on T2 FLAIR in comparison to the vitreous humor. Qualitatively, the conspicuity of the pigmented lesions was increased on T2 FLAIR in comparison to that on T1WI ( fig. 2 a, b) . Both of the lesions not localized and one of the hyperintense lesions had received previous radiation treatment.
Nonpigmented Lesions
The other intraocular lesions included five neoplasms without pigment and six with pathology of inflammatory origin ( table 1 ). All lesions in these groups were also found to be hyperintense on T1WI and hypointense on T2WI when compared to the vitreous humor.
Of the five nonpigmented neoplasms, 80% were hyperintense on T2 FLAIR in comparison to the vitreous humor; 20% appeared isointense, leaving no lesions hy- ( table 1 ) . Of the six inflammatory pathologies, one was not imaged and one was not a focal lesion. The remaining four were hyperintense to the vitreous humor ( table 1 ) .
The single choroidal hemangioma represented in this study was not well identified on either T1WI or on T2WI, which may be, in part, due to its size at 1.6 mm thickness by ultrasonography. The lesion was slightly hyperintense and hypointense to the vitreous humor on T1WI and T2WI, respectively. The hemangioma was more pronounced and hyperintense on T2 FLAIR ( fig. 3 a, b) . High resolution T2WI also allowed for visualization of vessels penetrating the sclera ( fig. 3 c) .
Notable Cases of Increased FLAIR Signal
Instances of increased signal intensity on T2 FLAIR apart from melanomas were discovered. One of these was a case of idiopathic scleritis presenting with a choroidal effusion. Unlike melanomas, this effusion was difficult to distinguish on T1WI, only appearing slightly more hyperintense than the vitreous humor ( fig. 4 ) .
Five of the patients in the study were also found to have increased vitreous signal unilaterally on T2 FLAIR. This asymmetry was either not appreciated or less conspicuous on T1WI taken during the same visit ( fig. 5 a-e) . Corresponding diagnoses or exposures of the impacted eye are listed in table 2 .
Additional Findings
Uveal Melanoma One case of uveal melanoma had unexpected findings on T2 FLAIR imaging. The center of the lesion was isointense to physiologic vitreous humor seen in the opposite eye, and the remaining intraocular space was hyperintense ( fig. 6 a) . The same melanoma appeared as expected on T1WI (hyperintense) and T2WI (hypointense) in scans performed at the same visit. Figure 6 b is another known uveal melanoma with anticipated findings on MRI added for comparison.
The lesion with atypical MRI findings had large areas of necrosis and blood seen on both gross and histological examination, and these areas corresponded with the hypointense areas on T2 FLAIR imaging ( fig. 6 c, d ). The intraocular mass consisted mostly of melanophages, which was confirmed by immunohistochemistry; the cells were Melan A negative and CD68 positive. In contrast, the melanoma with more conventional MRI manifestations ( fig. 6 b) was found to have viable tumor cells throughout ( fig. 6 e, f) .
Choroidal Hemangioma MRI of a choroidal hemangioma, not included in the original study, was later viewed for comparison. The lesion was hyperintense on T2 FLAIR and much easier to localize than on T1WI or T2WI. On T1WI, the lesion was isointense to the vitreous humor and was difficult to visualize; however, on T2WI, the choroidal hemangioma was slightly hyperintense to the vitreous humor, yet was less conspicuous when compared to T2 FLAIR ( fig. 3 c,  d ).
Posttreatment Changes T2 FLAIR images of two patients with melanomas were compared at 11 and 9 months after completion of radiation treatment. Figure 7 reveals the decreased signal intensity seen in both patients. 
Discussion
Accuracy of T2 FLAIR for Pigmented Lesions
The classic MRI appearance of melanoma is hyperintensity on T1WI and hypointensity on T2WI [1, 10] . This correlation was further endorsed by Gomori et al. [4] who observed similar signal intensity associated with choroidal melanomas, often with a 'mushroom-like' morphology [8] .
However, in the diagnosis and treatment of patients with uveal melanomas, researchers conclude that many imaging modalities, including MRI, have yet to take on a specific role [3, 7] . At this point in time, the literature suggests that the use of MRI in ocular lesions best serves as a compliment to ultrasonography and ophthalmologic examination [27] . This may be the result of a lack in accuracy with diagnosing uveal melanomas solely by MRI. Our findings add another element to the diagnostic potential of MRI in uveal melanomas. Looking at T2 FLAIR sequences, we have shown hyperintensity of these lesions with accuracy similar to that of T1 hyperintensity reported in the literature.
Specificity Concerns of T1WI and T2WI
In this study, all nonpigmented pathologies, including inflammatory and neoplastic, presented with the same pattern as melanomas, hyperintense on T1WI and hypointense on T2WI, when compared to the vitreous humor. This further suggests that this pattern is nonspecific and emphasizes that it should not be used as a diagnostic measure.
Other causes of a high signal on T1WI can be traced to protein-rich substances [16] . This was also reported by Mafee et al. [5] in patients with vitreitis on both T1WI and T2WI as well as those with a disruption of the blood-retinal barrier.
Increased Conspicuity of Lesions
As noted above, a benefit of FLAIR imaging is increased conspicuity of uveal melanomas, allowing for better identification of lesions compared to standard T1WI. Choroidal hemangiomas are other examples of lesions with MRI characteristics well described in the literature; they are found to be isointense on T1WI and hyperintense on T2WI [1, 28, 29] . Both hemangiomas in this study could not be well visualized with T1WI and T2WI but were more conspicuous on T2 FLAIR.
Significance of Increased Signal on T2 FLAIR
As an unexpected finding, the uveal melanoma in figure 6 a provides evidence towards determining causality of hyperintense lesions on T2 FLAIR. In distinction to the viable melanoma, the inside of the necrotic tumor was heterogeneously hypointense. Histopathology contributed further insight into the contents of the intraocular space, where stagnant blood and melanophages were located. This provides an important example where a melanin-containing area corresponds to T2 FLAIR hypointensity, perhaps reflecting effects of the necrosis and stagnant blood. This concept is further supported by the two patients whose lesions decreased in intensity on T2 FLAIR after radiation treatment ( fig. 7 ) . This is suspected to reflect necrosis and cessation of blood flow posttherapy without change in the melanin content. The decrease in intensity seen here differs from previous data in patients after radiation, where brain lesions have been found to enlarge secondary to inflammation and necrosis [30] . Possible reasons for this include a difference between brain and orbital tissues, different radiation techniques, and the previous failure to comment on T2 FLAIR imaging. As local recurrence has been shown to increase mortality in patients with melanomas, it is critical to correctly identify tissues after treatment [31] .
The choroidal effusion secondary to scleritis presents an example of a hyperintense lesion on T2 FLAIR unassociated with melanin content. Although hyperintense on T2 FLAIR, the choroidal effusion was not hyperintense on T1WI as would be expected with a melanoma. This suggests that the signal effect on T2 FLAIR has a separate causality than that of T1WI, which also remains under debate. One explanation is the flow of blood from surrounding vessels, causing this increased signal and emphasizing T2 FLAIR as a measure of slow blood flow. This may contribute to the diagnostic process, aiding in distinguishing pathologies such as choroidal effusions from melanomas.
It may also suggest that T2 FLAIR is more sensitive to proteinaceous or hemorrhagic content. This is further suggested by the five patients with asymmetric signal intensity of the vitreous humor on T2 FLAIR in patients with unilateral lesions. In one patient, silicone oil added to the vitreous humor was the suspected cause. One patient presented with a complete choroidal detachment, while two of the patients had a recent history of vitreous hemorrhage, suggesting blood or blood byproducts may have produced the hyperintensity. The final patient was noted to have increased signal intensity in the eye, which had ongoing chronic inflammation.
In addition, the previously discussed choroidal hemangiomas may have increased visualization on T2 FLAIR when compared to T1WI and T2WI, secondary to the reduced velocity of blood flow through the torturous vessels of these vascular lesions. Overall, these findings also suggest that melanin is not the primary reason behind the increased signal intensity found in T2 FLAIR imaging.
Limitations of this study include a retrospective study design and that not all tumors were imaged. From this study it is also difficult to predict the impact of objects with known electromagnetic inference, such as dental hardware, on scan interpretation.
Conclusion
The role of T2 FLAIR MRI should be further explored in patient stratification for treatment options and to potentially aid in the diagnosis of intraocular pathology. As on T1WI, uveal melanomas show increased signal intensity on T2 FLAIR sequences. Causality of the hyperintensity has not been determined, though evidence from patients with nonpigmented ocular pathologies suggests blood flow has an impact.
Similar to the brain, where lesions near the ventricles are better seen with T2 FLAIR, ocular T2 FLAIR also showed a benefit in delineating tumor margins adjacent to the vitreous humor. This increased visualization also contains the potential of identifying lesions earlier than on other MRI sequences where smaller lesions have been shown to have more favorable outcomes.
More research should be conducted to better determine the potential of T2 FLAIR in the delineation, localization, and sizing of lesions for treatment. Its potential to differentiate intraocular pathologies should also be explored. With this additional diagnostic information, T2 FLAIR would be an effective sequence to add to orbital MRI when scanning a patient with intraocular or orbital concerns. From this small collection of cases, T2 FLAIR appears to allow for better visualization of multiple lesion types than classic MRI techniques.
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